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(54) COMPOSITE HYDROGEN SEPARATION METAL MEMBRANE 
(57)Abstract: 

PURPOSE: To obtain a stable composite metal membrane having 
hydrogen permeability and hydrogen selectivity for separating hydrogen 
from other gases. 

CONSTITUTION: This composite metal membrane 10 is provided with 
a hydrogen permeable non-porous base metallic layer 11 and hydrogen 
permeable non-porous coated metallic layers 13 and 13*. which are 
separated from the non-porous base metallic layer 1 1 with hydrogen 
permeable intermediate layers 12 and 12' and each of the intermediate 
layer is not a pure metal or a metal alloy and is one free from forming a 
thermodynamically hydrogen non-permeable layer at 400-1. 000°C by 
the reaction with hydrogen, the base metal or the coated metal. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the compound metal membrane for hydrogen separation, it has the hydrogen 
permeability non-**** base metal layer and hydrogen permeability non-**** covering 
metal layer which are separated by the hydrogen permeability middle class. Said 
interlayer sets not in a pure metal or a metal alloy but in temperature of 400-1000 degrees 
C. The compound metal membrane for hydrogen separation characterized by being what 
does not form the stable layer of hydrogen impermeabihty thermodynamically by the 
reaction with hydrogen, the reaction with said base metal, or the reaction with said 
covering metal. 

[Claim 2] said base metal - the [ of a hydrogen permeability lanthanide; periodic table ] ■- 
the [ IB group and ] - the [ an III B group and ] - the [ an IVB group and ] - the [ VB group 
and ] - the [ a VII B group and ] - the compound metal membrane according to claim 1 
characterized by being the metal chosen from the group which consists of a hydrogen 
permeability alloy which contains hydrogen permeability transition-metals [ from a VIIIB 
group ];, and said metal 20% of the weight or more. 

[Claim 3] Said covering metal is a compound metal membrane according to claim 1 
characterized by a physical target being [ in / said covering metal is a metal chosen from 
the group which consists of a hydrogen permeabihty alloy of hydrogen permeability 
transition metals and this metal, and / the temperature of 400 degrees C or more ] 
chemically stable. 

[Claim 4] said covering metal - essential -- the [ of a periodic table ] - the [ a VII B group 
and ] - the compound metal membrane according to claim 3 characterized by being the 
transition metals from a VIIIB group, and the metal chosen from the group which consists 
of an alloy which contains said metal 20% of the weight or more. 
[Claim 5] Said covering metal is a compound metal membrane according to claim 4 
characterized by being the metal essentially chosen from the group which consists of Fe, 
Mn, nickel, Pd, Ft, and Ru. 

[Claim 6] Said interlayer is a compound metal membrane according to claim 1 
characterized by being microporosity. 

[Claim 7] Said interlayer is a compound metal membrane according to claim 1 
characterized by being an aluminum oxide. 

[Claim 8] Said interlayer is a compound metal membrane according to claim 1 
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characterized by being a lanthanum trioxide. 

[Claim 9] Said middle class is a compound metal membrane according to claim 1 
characterized by being molybdenum oxide. 

[Claim 10] Said interlayer is a compound metal membrane according to claim 1 
characterized by being silicon oxide. 

[Claim 11] Said interlayer is a compound metal membrane according to claim 1 
characterized by being tungstic oxide. 

[Claim 12] Said interlayer is a compound metal membrane according to claim 1 
characterized by being yttrium oxide. 

[Claim 13] Said middle class is a compound metal membrane according to claim 1 
characterized by being sulfuration vanadium. 

[Claim 14] It is the compound metal membrane according to claim 1 which said base metal 
is vanadium, and the,* aforementioned covering metal is a metal chosen from the group 
which consists of palladium, platinum, and its alloy, and is characterized by the; 
aforementioned interlayer being a porosity aluminum oxide. 

[Claim 15] It is the compound metal membrane according to claim 1 which said base metal 
is vanadium and is characterized by said covering metal being an alloy containing 20 % of 
the weight of nickel, and 80 % of the weight of copper. 

[Claim 16] It is the compound metal membrane according to claim 1 which said base metal 
is vanadium and is characterized by said covering metal being palladium. 
[Claim 17] It is the compound metal membrane according to claim 1 which said base metal 
is vanadium and is characterized by said covering metal being nickel. 

[Claim 18] It is the compound metal membrane according to claim 1 which said base metal 
is vanadium and is characterized by said covering metal being platinum. 
[Claim 19] The hydrogen separation approach characterized by to separate the hydrogen 
which hit separating hydrogen from other gases, contact a hydrogen content supply gas 
style and the compound metal membrane for hydrogen separation according to claim 1 to 
the bottom of the condition which made the hydrogen partial pressure by the side of supply 
of said compound metal membrane higher than the hydrogen partial pressure by the side 
of transparency of said compound metal membrane, and said compound metal membrane 
is made to penetrate hydrogen alternatively, and penetrates said compound metal 
membrane. 

[Claim 20] The approach according to claim 19 characterized by said temperature being 
400 degrees C or more. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Apphcation] This invention relates to the approach of separating hydrogen 
from other gases using the compound metal membrane for hydrogen separation, and this 
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film. 
[0002] 

[Description of the Prior Art] The hydrogen permeable film is better known than before, 
and it is usually classified into three kinds of a poly memhrane, the inorganic (nonmetal 
porosity or non ****) film, and precise metal membrane (non-****). A poly membrane has a 
limitation in the selectivity over hydrogen as compared with other gas, and it has the fault 
that a limitation is in the resistance over the reactant chemical which has existed in the 
resistance over an elevated temperature, and typical distributed gas further. 
[0003] For example, the hydrogen permeable film of the porosity which consists of an 
aluminum oxide, silicon oxide, titanium oxide, a magnesium oxide, chrome oxide, tin oxide, 
and an inorganic molecule like various zeolites is studied. As an example, there are some 
which are indicated by "Hsief, 33 Catal.Rev.Sci.Eng.l (1991)." Although this film shows 
very high hydrogen permeability, these have the fault of presenting hydrogen selectivity 
very low for the property of porosity. It is also known that a non-**** inorganic oxide has 
permeabiUty to the hydrogen of an ion gestalt. U.S. Pat. No. 5,094,927 - the [ of silicon 
oxide and aperiodic table ] - the [ the oxide of an IVB group, VB group, a VIB group, and a 
VIII group, and / of a periodic table ] - an IIA group and ** An IIIB group's fluoride is used 
as the base and the ingredient (a solid-state proton conductor is called) which has 
permeability to a hydrogen ion is indicated. Furthermore, the diffusion coefficient to which 
a hydrogen ion penetrates the oxide of molybdenum and a tungsten is reported by "JCS 
Faraday Trans.I.730" (1976) of Sermon and others. 

[0004] This solid-state proton conductor is used by installing these between the cathode in 
a fiiel cell, and an anode, and, thereby, transportation of the net of hydrogen is performed 
between a cathode and an anode. However, this solid-state proton conductor is usually 
weak, and permeabihty over hydrogen is comparatively low, and, generally he does not 
have a report about the use as a hydrogen demarcation membrane. As an exception, there 
is silicon oxide film of non **** and it is reported for this film to be able to make hydrogen 
penetrate through sihcon oxide according to the activation surface-transport mechanism 
along a grain boundary. Gavalas ** - refer to "44 Chem.Eng.Sci.1829" (1989). Although 
this precise silicon oxide film has very high selectivity [ as opposed to hydrogen as 
compared with nitrogen ], its reactivity with the steam in an elevated temperature is too 
weak and high, and the application is restricted further. 

[0005] The precise metal membrane (non-****) which has alternative permeability to 
hydrogen is also well-known, the [ both whose United States patents are / for example, / 
like / are indicated by United States patent 4,388,479th and No. 3,393,098, and / for 
example, the palladium alloy catalyst film ] - the [ a VIIB group and ] - a VIII group's 
alloy film is indicated. This metal membrane has nearly perfect selectivity to hydrogen as 
compared with other gases, can operate it at an elevated temperature (to about 1000 
degrees C), is the point of having chemical resistance to the gas in a feed-materials style, 
and is superior to a poly membrane and the inorganic (nonmetal) film. However, since 
palladium is very expensive, efforts that a hydrogen permeability compound metal 
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membrane will be manufactured are performed by covering some base metals of a cheap 
transition-metals alloy with palladium or a palladium alloy. For example, refer to U.S. Pat. 
No. 4,468,235 and No. 3,350,846. The palladium of a little chisel is comparatively used for 
the palladium or the palladium alloy which covers this base metal top, chemical resistance 
is given to a base metal by this, and, in a certain case, the rate of adsorption of the 
hydrogen to a metal membrane front-fiace top increases. However, this covering metal 
membrane has the inclination which a covering metal diffuses in a base metal under a hot 
service condition, and has the fault of the proper that the hydrogen permeabiHty and 
chemical resistance which are acquired by this compound metal membrane by this will 
disappear. The hydrogen permeability compound metal membrane of non-**** is indicated 
by U.S. Pat. No. 4,496,373, and there is a problem of the diffiision between metals about 
the base metal alloy of the specific presentation covered with the palladium alloy of a 
specific presentation in it at this compound metal membrane. However, it is convenient, 
although the presentation of a palladium alloy plate and a base metal alloy is limited to 
the narrow range and palladium is distributed not into a base metal alloy but into a 
covering metal. Therefore, in case this research chooses the metal used for it not being 
general current, needing the severe control about an alloy presentation, and 
manufacturing the film, fluctuation is hardly allowed. 

[0006] In order to make easy diHiision association of the hydrogen permeability metal 
membrane to a metal substrate, preparing an intermediate reaction layer is known. For 
example, the method of manufacturing the film component used for the hydrogen 
eliminator based on diffusion by diffusing • welding the film of palladium or a palladium 
alloy to the metal substrate which is not limited to the Russia country patent No. 1,058,587 
is indicated. Especially for the above-mentioned Russia country patent No. 1,058,587 
Saturate a hydrogen permeability covering metal with an elevated temperature first, and, 
subsequently the so-caUed hydrogen load (so-hydrogen-loaded) covering metal is cooled. It 
migrates to the whole area between the base metals and covering metals a base metal and 
whose covering metal are the areas which should be welded to ** at one after that. Make 
detailed powder put as "a reactant gasket", high pressure (2000-2500psi) and an elevated 
temperature (650 700 degrees C) are made overly to act on the complex of a metallic oxide 
subsequently generated, and "diffusion welding" is attained between a covering metal and 
a base support metal. Diffusion welding is the result of a metaUic-oxide "reactant gasket" 
interlayer being completely returned to a pure metal by the hydrogen by which desorption 
was carried out fi'om the hydrogen load covering metal. However, (l) Whether the film of 
palladium or a palladium alloy has adhered only to the edge section of a metal substrate 
through diffusion joint welding, and (2) The point whether the film of palladium or a 
palladium aUoy has covered completely the firont face of a metal substrate and diffusion 
joint welding is unknown. In the case of the 1st, a membranous weld zone does not need 
hydrogen permeability. It is only required for this that hydrogen should penetrate the 
non-weld of the fihn of palladium or a palladium alloy, the hydrogen permeability part of 
the film of a parenthesis is not a compound metal membrane, but it is because it is only the 
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film of palladium or a palladium alloy rather. It is becoming so expensive that it being 
necessary to make the fault in this case into sufficient thickness to make the film of 
palladium or a palladium alloy into independence nature, therefore the film not being 
received. In the case of the 2nd, the bipolar membrane obtained has the interlayer of a 
metal or a metal alloy, and this film follows the fall of the total hydrogen permeabihty of 
the film concerned on it. 

[0007] The purpose of this invention is to offer the approach of solving the above and other 
faults of the conventional hydrogen permeability compound metal membrane, and 
separating hydrogen firom other gases using the outstanding compound metal membrane 
for hydrogen separation, and this film. 

[0008] This invention relates to the approach of dividing hydrogen into other gas and 
selection targets, using a hydrogen permeability and compound metal membrane stable at 
hydrogen selectivity, and this film. The essential structure of the above-mentioned film 
consists of a non **** hydrogen permeability base metal and the non***** hydrogen 
permeabihty covering metal separated by the hydrogen permeabihty interlayer, however it 
is a pure metal or not a metal alloy but standard operating temperature, and it is 
thermodynamically stable in the semantics which does not react with hydrogen under 
existence of hydrogen, or reacts with a base metal or a covering metal, and does not form a 
hydrogen impermeable layer. [ of the interlayer ] Such bipolar membrane prevents most 
mutual metal diffusion between a base layer and a covering metal by the operating 
condition, a base metal makes it possible to hold the hydrogen permeability, and a high 
flow rate and a membranous long hfe are acquired with two properties. 
[0009] All bipolar membrane and the configuration layer of those can penetrate hydrogen 
gas alternatively. Like before The feed gas by which the main description contains 
hydrogen and other gas, for example, nitrogen, a carbon monoxide, a hydrogen sulfide, a 
steam, ammonia or methane, ethane, a propane, or a hydrocarbon like an olefin is set to a 
membranous transparency side. It can use for separating hydrogen with other gas with the 
conventional method which consists of collecting the hydrogen which was generally 400 
degrees C or more in temperature, and is related with a hydrogen partial pressure, was 
contacted with the high hydrogen partial pressure by the side of membranous feed, was 
made to penetrate hydrogen alternatively through bipolar membrane, and was penetrated. 
Since the film penetrates hydrogen alternatively at <400 degree C temperature (0 degree C 
- 50 degrees C), for example, ambient temperature, it is used for the film separating 
hydrogen also at low temperature, such as this, and since membranous hydrogen 
permeabihty falls at low temperature, only an economical hmit is received. Moreover, it is 
not necessary to coUect transparency hydrogen, and it can be burned, and can be used as 
water or can be removed from a membranous transparency side using eradication gas. 
Moreover, bipolar membrane is usefiil also to a hydrogen separation method which is 
indicated by U.S. Pat. No. 5217506. The hydrogen selectivity of bipolar membrane is 
remarkable, and it is 500 degrees C, and is a transparency side, and the flow rate (flux) of 
>=0.001m3 / m2, and hr shows the selectivity of >=100 with the partial pressure of the 
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hydrogen in ambient pressure at lOOpsig(s) (7.03kg/cm2 gage). 

[0010] The bipolar membrane of this invention is especially stable under hot conditions. 
When being exposed to a transparency side with >=500 degree C and an ambient 
temperature at the hydrogen feeder current of 100psig(s) (7.03kg/cm2 gage), it covers at 
700 degrees C for 100 hours, and especially bipolar membrane covers the consecutive 
operation time amount by 1500 hours at 500 degrees C, and holds >=20% of the first flow 
rate. As shown here, this stability can be directly returned to existence of an interlayer. the 
base metal of the metal membrane of this invention the [ periodic table ] - it is chosen 
out of the hydrogen permeabiUty alloy which contains hydrogen permeability 
transition-metals; hydrogen permeability lanthanide metal [ of IB, IIIB, IVB, VB, VIIB, 
and a VIIIB group and the above-mentioned metal >= 20% of the weight, and can 
consider as the thickness of 10-250 microns. 

[0011] Covering metals are stable hydrogen permeability transition metals chemically and 
physically at the temperature of at least 400 degrees C, and are **********^ Preferably 
[ choosing out of the transition metals of VIIB and a VIIIB group ], and most preferably, it 
is the hydrogen permeabiUty alloy which contains Fe, Mn, nickel, Pd, Pt, Ru, and the 
above-mentioned metal >= 20% of the weight, and it is desirable that it is the thickness of 
0.01-25 microns. 

[0012] Since hydrogen must be easily diffuse through each class of the film including an 
interlayer, an interlayer's important description be form fi'om the matter which do not 
form the matter stable on a thermodynamics target, the compound, or mixture of hydrogen 
impermeability by react with either a base metal or a covering metal at the temperature of 
the range of about 400 degrees C - about 1000 degrees C. The "thermodynamicaUy stable" 
matter, a compound, or mixture means the matter, the compound, or mixture which is 
smallness in about lOkca^mol here in the temperature the fi-ee energy of formation, such 
as it, generally starts. "Hydrogen impermeability" means the matter, the compound, or 
mixture to which the hydrogen of a compound metal membrane or the permeability of a 
hydrogen ion is made to fall remarkably to hydrogen before forming hydrogen opaque 
medium, a compound, or mixture, or hydrogen ion permeability here, after being formed in 
a compound metal membrane. Here, although the hydrogen or the hydrogen ion 
permeability of bipolar membrane are the hydrogen pressure force of lOOpsig(s) 
(7.03kg/cm2 gage), and about 400 degrees C or more as the rate of hydrogen permeation 
carries out "falling remarkably", it means there being more first values after about 
100-hour actuation than 80%, and falling at temperature lower than about 1000 degrees C. 
Especially the middle class is based on hydrogen under an operating condition 
(temperature of the range of 400*1000 degrees C), or is thermodynamicaUy stable to 
reduction of the oxide by either of the base metals or a sulfide. 

[0013] In case the matter suitable for using as an interlayer is selected, it is important to 
take into consideration the susceptibility of the base metal for forming an interlayer and a 
hydrogen impermeable layer. For example, ** of the periodic table The hydrogen 
permeability transition metals firom IIIB, IVB, and VB group are ** of the periodic table. 
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Reactivity is size more remarkably than the hydrogen permeability transition metals of 
VIIB and a VIII group. Therefore, when selecting a base metal from the former group, as 
for a typical interlayer, it is desirable that it is the oxide of aluminum and silicon. However, 
it is ** about a base metal. In selecting from VIIB and a VIII group The typical middle 
class A lanthanide metal, a scandium, an jrttrium, aluminum. All the oxide of silicon, boron, 
molybdenum, a tungsten, vanadium, a hafiiium, and niobium, the carbide of sulfide; silicon, 
and a nitride,* Titanium, The carbide of niobium, vanadium, a tantalum, a hafnium, and a 
zirconium, a nitride, silicide; SUKAUJIUMU, and the fluoride; zeoUte of an yttrium; it is 
desirable to select from the wide range class containing graphite; and a diamond. 
[00141 The middle class is good to consider as the thickness of 0.1-300 microns, it applies 
him as a continuation layer between a covering metal and a base metal, and he is useful to 
decreasing remarkably in it not only preventing contact between a base metal and a 
covering metal, but all elements other than hydrogen carrying out counter diffusion 
between a base metal and a covering metal. An interlayer can be taken as non-**** or 
porosity, when satisfying conditions besides the above. When an interlayer is porosity, an 
average aperture is equal to the thickness of a covering metal layer, or what is smaller 
than thickness is desirable. 

[0015] The suitable example of the five-layer compound metal membrane 10 equipped with 
the two-layer covering metal layer 13 and 13' is shown in drawing 1 at the base metal layer 
11, the two-layer microporosity interlayer 12, and 12' Ust. an interlayer and a covering 
metal layer - respectively - two-layer - although 13 and 13' shows to 12 and 12' list, the 
compound metal membrane of the essential three -tiered structure of this invention 
equipped with each monolayer 12 and 13 is also a useful example. Moreover, the covering 
metal layer 13 and 13' can also consist of 2 or a three or more-layer layer. 
[0016] Manufacture of the compound metal membrane of this invention (l) The laminated 
layers method using high temperature and a high pressure, for example, equilibrium heat 
pressurization,; (2) roll clad; (3) heat evaporation; (4) chemistry - or plasma-vacuum 
evaporationo; it reaches. It can attain by various approaches including (5) anodic oxidation, 
other chemical oxidation styles, or an electrol3rtic oxidation method. Drawing 2 shows 
manufacture by temperature / pressure laminated layers method in a graph. The 
compound metal membrane shown in drawing 1 in front of a laminating is decomposed 
into drawing 2 , a sectional view shows, and the same number shows the same component 
among drawing. 15' It reaches stainless steel press plate 15, and is shown in drawing 2 R> 
2 at the graphite gasket 14 and 14' list. The graphite gasket 14 and 14' close that a 
laminating media is put to air, and protect it to oxidation. As for the middle class, it is 
desirable by depositing an inorganic oxide or a sulfide layer on a base metal first to cover a 
base metal chemically. In the case of oxide, a base metal is the precursor 4 (or the amount 
of catalysts and Si4 (OMe) of a dark hydrochloric acid) to oxide, for example, SiCl, and 
WC16. Or MoC15 Or the solution of the alkoxide of aluminum. La, or Y is covered with 
spraying, spinning, or immersion, subsequently it hydrolyzes, and an oxide layer is formed. 
Or it is aluminum 203 again. A layer can form anodic oxidation or aluminum by oxidizing 
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chemically or in electrolysis, the case of metallic sulfide a base metal a pressure and 
temperature only high in sulfide gas, for example, a hydrogen sulfide, - a short time - for 
example, what is necessary is to just be exposed for 5 - 15 minutes Or they are the 
precursor 6 to a sulfide, for example, WCl, and MoC15 about a base metal again. Or VC13 
What is necessary is to cover a solution with sprajring, spinning, or immersion, to make it 
react with a hydrogen sulfide by it subsequently, and just to form a sulfide layer. In 
addition, other approaches of putting oxide or a sulfide layer are approaches by the plasma 
deposition or vacuum evaporationo to a base metal of desired oxide or a sulfide. 
[0017] 

[Example] Hereafter, an example explains this invention. 

It has an example 1 vanadium base metal layer, and they are the both sides Si02 
Five-layer nickel/Si02 / V/Si02 / nickel compound metal membrane which covers with a 
layer and comes to cover both SiO(s) two-layer with a nickel layer further were 
manufactured using the following procedures. The good mechanical property was given to 
bipolar membrane, using the vanadium disk whose diameter is 5cm and whose thickness is 
152micro as a base metal layer. Chemical inertness was given to bipolar membrane, using 
the nickel foil whose thickness is 25micro as covering material. 

[0018] It is in charge of manufacturing a compound metal membrane, and is SiC14. By 
immersing a vanadium disk in IM solution which dissolved in the methylene chloride at a 
room temperature, it is Si02. The dipcoat of the thin layer was carried out to the both sides 
of a vanadium disk. It is SiC14 as a methylene chloride solvent evaporates. Si02 whose 
thickness it hydrolyzes quickly under existence of the moisture in atmospheric air, and is 
about 25micro The film formed. Si02 Good adhesion was observed between a layer and 
vanadium. Next, it is Si02 as shown in drawing 2 . The laminating of the vanadium disk 
and nickel foil which were covered was carried out under the pressure of 20000pound 
(9,072kg) at 700 degrees C for 4 hours, and bipolar membrane was manufactured. Thus, 
the manufactured bipolar membrane was flexibility, and when it was made to curve, it did 
not show the signs of delaminate. 

[0019] The average hydrogen flow rate which passes along bipolar membrane was 
measured in 700 degrees C using the hydrogen gas supply style of 99.999% of purity of 
lOOpsig (780kPa). (Transparency hydrogen was ambient pressure.) It is mediation Si02 on 
the vanadium disk of the same thickness about the nickel foil of the thickness same for a 
comparison. The average hydrogen flow rate which passes along three layer membranes of 
the contrast manufactured by carrying out a direct laminating was measured under the 
same conditions, without using a layer. The result of the average hydrogen flow rate (m3 / 
m2, and time amount) about the initial flow rate after 50-hour actuation is shown in the 
following table 1. 
[0020] 
[Table l] 
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[0021] The layer (namely, layer which has the lowest hydrogen permeability) which shows 
the maximum resistance to hydrogen permeabihty about this five-layer bipolar membrane 
was a thin nickel coat (the marginal hydrogen flow rates which pass along the nickel film 
whose diameter is 5cm, and whose thickness is 25micro were 0.9m3 / m2, and time 
amount). Since the actual measurement of the hydrogen permeation rate which passes 
along bipolar membrane was not able to exceed the transmission rate which passes along 
the layer of each chemically different film, the nickel coat of nickel/Si02 / V/Si02 / nickel 
film restricted the whole hydrogen flow rate. 

[0022] As this example shows, he is Nakama Si02. The five-layer compound metal 
membrane which has a layer is Nakama Si02. A flow rate higher than the three-layer 
contrast film which does not have the layer, and a long life (67% of the initial flow rate was 
held) are shown, and this is Si02. An interlayer shows that it is effective for preventing too 
much fall of a hydrogen flow rate. 

[0023] 27 layer nickeyCu/Si02 of examples / V/Si02 / Cu/nickel compound metal 
membrane was manufactured as follows. The vanadium disk whose diameter is 5cm and 
whose thickness is 152micro was used as a base metal layer. Chemical inertness was given 
to bipolar membrane, using the two layer nickel/Cu foil (it manufactured by carrying out 
the laminating of nickel foil and 25micro Cu foil which are 6micro) whose thickness is 
Slmicro as covering material. Thin (<=25micro) Si02 between a vanadium disk and a 
nickel/Cu coat It is Si (OMe)4 to the methanol containing dark HCl of the amount of 
catalysts, using a layer as an interlayer. This interlayer was deposited by carrying out 
rotation spreading of the IM dissolved solution at a vanadium disk. Si02 The laminating 
of the vanadium disk and nickel/Cu foil which were covered is carried out almost like an 
example 1, and it is the Cu side Si02 It was made to face a layer. 

[0024] Thus, the average hydrogen flow rate which passes along the manu&ctured bipolar 
membrane was measured by the same approach as an example 1. It is mediation Si02 on 
the vanadium disk of the same thickness about the nickel/Cu foil of the thickness same for 
a comparison. The average hydrogen flow rate which passes along five layer membranes of 
the contrast manufactured by carr5dng out a direct laminating was measured under the 
same conditions, without using a layer. The result afl;er 72-hour actuation is shown in the 
following table 2. 
[0025] 
[Table 2] 
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[0026] It is Si02 between Cu and V so that clearly. The seven-layer bipolar membrane 
which has an interlayer is middle Si02. The flow rate higher than the five-layer contrast 
fihn which does not have the layer, and the stable hydrogen flow rate were shown. 
[0027] 35 layer nicltel of examples / sulfiiration VA^ / sulfuration V/nickel compound metal 
membrane was manufactured as follows, nickel foil whose thickness is 6micro on the other 
hand was used as covering material, using the vanadium disk whose diameter is 5cm and 
whose thickness is l52micro as a base metal. This middle class was formed in the both 
sides of a vanadium disk by exposing a vanadium disk to H2 S of 30psig(s) (234kPa) for 10 
minutes at 700 degrees C, using a sulfuration vanadium thin layer as the middle class. 
Adhesion good between a sulfuration vanadium layer and a vanadium disk was observed. 
Next, the laminating of the vanadium disk and nickel foil which were covered with 
sulfuration vanadium was carried out under the pressure of 20000pound (9072kg) at 700 
degrees C for 4 hours. 

[0028] The average hydrogen flow rate which passes along this bipolar membrane was 
measured by the same approach as an example 1, and it compared with the average 
hydrogen flow rate which passes along three layer membranes of the contrast 
manufactured by carrying out the direct laminating of the nickel foil of the same thickness, 
without using a mediation sulfuration vanadium layer under the same conditions on the 
vanadium disk of the same thickness. The result after 50-hour actuation is shown in the 
following table 3. 
[0029] 
[Table 3] 



[0030] Although the five-layer bipolar membrane which has a sulfuration vanadium 
interlayer showed the comparatively low hydrogen flow rate first, 50 hours after, it showed 
the larger hydrogen flow rate of the corresponding three layer nickeLV/nickel contrast film 
which does not have the interlayer than 10 times, so that clearly. (For the flow rate which 
passes along the five-layer bipolar membrane of this example, a sulfuration vanadium 
interlayer's hydrogen permeability is Si02. Since it was lower than a layer, it was lower 
than the thing of an example 1) 
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[0031] 45 layer Pd/Si02 of examples / V/Si02 / Pd compound metal membrane was 
manufactured as foUows. Palladium foU with a thickness of 25 micrometers was used as 
quaHty of a coating, using a vanadium disk with a diameter [ of 5cm ], and a thickness of 
30 micrometers as a base metal. Si02 The thin layer was used as an interlayer. Si02 A 
layer to each 1st page of two diameter the test pieces of 5cm of Pd thin film It is HCl of the 
amount of catalysts on the fi-ont face of Pd first. The thin film of the included methanol is 
prepared. Next, it is Si (0Me)4 until each Pd firont face is covered completely, before 
evaporating a methanol/HCl. Si4 by the reaction with; atmospheric-air moisture made to 
deposit by being dropped (OMe) It is thin (<=25micrometer) Si02 by hydrolysis. The layer 
was obtained. Si02 They are two test pieces of a covering Pd foil Si02 It has arranged on 
both sides of the vanadium disk under a layer. Next, all assembUes have been directly 
arranged on a radiographic examination eel, into the radiographic examination, the gas 
supply pressure of lOOpsig(s) (780kPa) was used, the laminating was carried out at 700 
degrees C, and laminated material was obtained. The average hydrogen flow rate which 
passes along bipolar membrane was made into the bottom of the same condition as an 
example 1 about 6 timing measurement, and being stabilized in 3 / m2, and hr 25.3m about 
2 hours after was surveyed. This high flow rate is the result of using the palladium which 
has high permeability to hydrogen by using palladium as a covering metal fixjm not nickel 
or nickel / copper alloy but nickel or nickel / copper aUoy. The flow rate by which after 
actuation of 50 hours passes along the film was uniformly maintained by 3 / m2, and hr 
25.3m. This shows that the film holds 100% of the original flow rate. 

[0032] Because of a comparison, it is mediation Si02 to the vanadium foil of the same 
thickness about the palladium foil of the same thickness in the three-layer contrast film. It 
manufoctured by carrying out a direct laminating, without using a layer, and the average 
hydrogen flow rate which passes along this three-layer contrast film was measured under 
the same condition. The early value of 19m, even to 3 / m2, 14m3 6 hours after hr / m2, and 
hr, the flow rate which passes along this three-layer contrast film decreases steadily next 
to 0.9 lm3 after 50-hour actuation / m2, and hr, and is Nakama Si02. It was shown that 
the film which does not use a layer holds 5% of an initial flow rate. Moreover, five-layer 
bipolar membrane showed the average stream flow higher than the contrast fihn so that 
clearly. 
[0033] 
[Table 4] 



[0034] Example 5Si02 In order to show permeabiUty with a high layer, three-layer 
Pd/Si02 / Pd compound metal membrane was manufactured. The base metal was omitted 
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using palladium as a covering metal. It covered on the 1st page which has the thin layer of 
Si02 so that in an example 4 for palladium foil with a diameter [ of 5cm ], and a thickness 
of 25 micrometers. Next, it is the palladium foil test piece of other same dimensions Si02 It 
arranges on covering palladium and is Si02. The layer was made to exist between two 
palladium foil. Subsequently, this assembly has been arranged in the radiographic 
examination eel, and the on-site laminating was carried out as in an example 5. The 
average hydrogen flow rates which pass along the bipolar membrane measured under the 
same condition as an example 1 were 3 / m2, and hr 31m. 

[0035] W03 used as example 6 interlayer In order to show permeability with a high layer, 
three-layer PdAVOS / Pd compound metal membrane was manufactured. The base metal 
was omitted using palladium as a covering metal. Palladium foil with a diameter [ of 5cm ] 
and a thickness of 25 micrometers is used, and they are about 94% of methylene chloride, 
about 5% of acetonitrile, and about 1% of Si (OMe)4. WC16 in the included mixture By 
applying diluted solution to the 1st page, it is W03. The 1st page top of palladium foil was 
covered with the thin layer. Si4 (OMe) Si02 In case it hydrolyzes, as a binder, it is ******** 
W03. A much more homogeneous coat is generated. It hydrolyzes promptly under 
existence of atmospheric-air moisture, and WC16 is W03. The thin film was produced. Next, 
it is the palladium foil test piece of other same dimensions W03 It arranges on covering 
palladium and is W03. The layer was made to exist between two palladium layers. 
Subsequently, this assembly has been arranged in a radiographic examination eel, and the 
on-site laminating was carried out as in an example 4. As a result of measuring the 
average hydrogen flow rate which passes along this bipolar membrane under the same 
condition as an example 1, 3 / m2, and hr were observed 42m. 

[0036] Mo03 used as example 7 interlayer In order to show permeability with a high layer, 
the same three-layer Pd/Mo03 / Pd compound metal membrane as examples 5 and 6 were 
manufactured as foUows. Palladium foil with a diameter [ of 5cm ] and a thickness of 25 
micrometers is used, and it is MoC15 in the solvent mixture same to oneth of them as an 
example 6. By making a solution put, it is Mo03. The 1st page top of palladium foil was 
covered with the thin layer. MoClS It hydrolyzes promptly under existence of 
atmospheric-air moisture, and is Mo03. The thin film was generated. Next, it is the 
palladium foil test piece of other same dimensions Mo03 It arranges on covering palladium 
and is Mo03. The layer was made to exist between two palladium test pieces. 
Subsequently, this assembly has been arranged in a radiographic examination eel, and the 
on-site laminating was carried out as in an example 4. As a result of measuring the 
average hydrogen flow rate which passes along bipolar membrane under the same 
condition as an example 1,3/ m2, and hr were observed 67m. 

[0037] The compound metal membrane of nickeiyMo03 / Cu/Mo03 / nickel of 85 layers of 
examples was manufactured as follows. The copper disk with a diameter [ of 5cm ] and a 
thickness of 250 microns was used as a base metal, and, on the other hand, the nickel foil 
with a thickness of 25 microns was used as covering material. Mo03 The thin layer was 
used as an interlayer and it was made to deposit as in an example 7 on one [ of a nickel foil 
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/ each ] front face with a diameter of 5cm of two piece. Mo03 They are these [ of the covered 
nickel foil ] two piece Mo03 It has arranged so that a side may adjoin two fields of copper 
foil. Subsequently, all these assemblies have been directly arranged in a radiographic 
examination eel, and carried out the on-site laminating between radiographic 
examinations as in an example 4. The average hydrogen flow rate which penetrates this 
bipolar membrane under the same conditions also in an example 1 was measured by 3 / m2, 
and hr 0.37m. This flow rate is equal to the flow rate which passes along a copper film (the 
thickness of 250 microns, diameter of 5cm) by the bottom of the conditions of the same 
temperature and the hydrogen pressure force. As expected, the fiiU flow which penetrates 
this bipolar membrane is restricted by this copper base metal layer. 

[0038] The example 95 layer Pd/Y2 OZfV/Y2 03/Pd compound metal membrane was 
manufactured using the foUowing procedure. The vanadium foil with a thickness of 25 
micrometers was used as a base metal, and, on the other hand, the palladium foU of the 
same thickness as this was used as a covering metal. It is an yttrium in the toluene which 
contains HCl as a hydrolysis accelerator catalyst. Isopropoxide Y [O (i-C3H6)] 3 By 
dropping the aquosity / methanoUc solution to contain, it is Y2 03. The thin layer was 
made to deposit on the both sides of this vanadium foil. This Y [O (i C three H6)] 3 It 
hydrolyzed quickly in the interior of a room of 70% of relative humidity, and the thin coat 
generated on this vanadium. It attsdned by heating emission of a superfluous solvent, and 
the condensation to the oxide of a hydroxide by argon flowing down, and heating the 
so-caUed covering vanadium foU at 450 degrees C for 1 hour. In this way, Y2 03 obtained 
The covering vanadium foU was covered with Pd and the on-site laminating was carried 
out over 2 hours at 700 degrees C under the argon of lOOpsig (780kPa). 
[0039] Through the hydrogen flow rate, it measured for 13 days to this five layer bipolar 
membrane. Average hydrogen flow rates are 3 / m2, and hr 16m, when it measures under 
the same conditions also in an example 1, and this film was maintaining 100% of that 
initial flow rate. These data are this Y203. A layer shows that the film stability superior to 
the five-layer Pd/NiOA^/NiO/Pd film (see the foUowing example of a comparison) which 
contains NiO again is given from the PdA^ film which does not have the interlayer. 
[0040] In order to show the advantage acquired from the hydrogen permeability interlayer 
of example 10 porosity, the 5 layer Pd/aluminum203A7^/aIuminum2 03/Pd compound metal 
membrane was manufactured as foUows. The vanadium disk with a diameter [ of 2.9cm ] 
and a thickness of 30 microns was used as a base metal, and, on the other hand, palladium 
foil with a thickness of 25 microns was used as a covering metal. The alumina paper 
("APA-3" from the Jill Karr (Zircar) products company of the U.S. New York State New 
York whereabouts) which has 79% of porosity was used as an interlayer. This alumina 
with a diameter [of 2.9cm ] and a thickness of 0.03cm has been arranged on both sides of a 
vanadium disk. Subsequently, the alumina exposed using palladium foil with a diameter of 
3.8cm was covered. This compound metal membrane was incorporated into the trial cel. 
and. subsequently carried out the on site laminating at 500 degrees C using the argon gas 
supply pressure of 100psig(s) (780kPa). 
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[0041] The average hydrogen flow rate which penetrates this bipolar membrane was 
measured at 500 degrees C using the hydrogen gas supply style of 99.95% of purity of 
lOOpsig (780kPa). Transmitted hydrogen was ambient pressure. Early hydrogen flow rates 
were 3 / m2, and hr 11.2m. After making it work for 1500 hours, the hydrogen flow rate 
was set to 3 / m2, and hr 1 1. Im. This shows 99% of an initial flow rate. For the comparison, 
the average hydrogen flow rate which penetrates the three-layer PdA^/Pd contrast fihn 
manufactured by carrying out a laminating directly was measured under the same 
conditions, without using a mediation alumina layer for the palladium foil of the same 
thickness as the above at the same vanadium foil of thickness, when [ which is that initial 
value ] it decreases after 140-hour operation regularly 1.7m to 3 / m2, and hr and there is 
no intermediate alumina layer from 3 / m2, and hr 5.3m, as for the flow rate which 
penetrates this contrast film, the film holds 32% of that initial flow rate - things were 
shown. Moreover, there were few flow rates which penetrate this three-layer contrast film 
than one half of the flow rates of five-layer bipolar membrane so that clearly. 
[0042] Another five-layer bipolar membrane (Pd - 5 Ru/aluminum2 03 / V/aluminum2 03 / 
Pd ■ 5Ru) which has the hydrogen permeability interlayer of example 11 porosity was 
manufactured by the almost same approach also in the example 10. However, the alumina 
layer was formed from the alumina filter disk ("ANODISUKU 47 (Anodisc)" from a Watt 
Mann scientific company of Britain and the maid stone whereabouts) which has the 
thickness of about 70 microns, and the hole value of standard of 0.02 microns, and, on the 
other hand, the Pd - 5Ru foil with a thickness of 25 microns was used as a covering metal 
(Pd • 5Ru is Pd alloy containing about 5% of Ru). The average hydrogen flow rate which 
penetrates this five-layer bipolar membrane was measured by the same approach also in 
the example 10. This initial hydrogen flow rate of an average was 3 / m2, and hr 9.8m. 
After making it work for 400 hours, the hydrogen flow rate was set to 3 / m2, and hr 9.7m, 
and showed 98% of the original flow rate. 

[0043] The almost same five-layer bipolar membrane as example 12 example 11 was 
created. However, the alumina layer was a thing from the same ingredient as the film in 
an example 10. 600 degrees C was used and also the average hydrogen flow rate which 
penetrates this film was measured by the same approach in the example 10. This initial 
hydrogen flow rate was 3 / m2, and hr 15.5m. After making it work for about 500 hours, in 
addition, this hydrogen flow rate is 3 / m2, and hr 15.5m, and did not show the fall from the 
original flow rate. 

[0044] The almost same five-layer bipolar membrane as example 13 example 11 was 
created. However, this alumina layer was formed from the alumina cross ("ALK-15" from 
the JiU Karr products company) which has 50 - 80% of porosity, the diameter of 2.9cm, and 
the thickness of about 0.03cm. The average hydrogen flow rate which penetrates this fihn 
was measured by the same approach also in the example 12. This initial hydrogen flow 
rate was 3 / m2, and hr 18.5m. After making it work for about 200 hours, the hydrogen flow 
rate was set to 3 / m2, and hr 17.8m, and showed 96% of the first flow rate. 
[0045] The five layer Pd/NiOA^/NiO/Pd compound metal membrane of examples of a 



14/16 



Japanese Publication number : 07-185277 A 



comparison was manufactured as follows. The vanadium foil with a thickness of 25 
micrometers was used as a base metal, and, on the other hand, Pd foil of the same 
thickness as this was used as a covering metal. nickel2 (OH) It is nickel (OH)2 on the both 
sides of the suspension made to suspend in a basic (pH=12) water solution to vanadium. 
The thin layer was made to deposit. This vanadium foil / nickel2 (OH) Covering was heated 
in the argon ambient atmosphere at 450 degrees C, condensation of the hydroxide was 
carried out to the oxide, and superfluous water was separated. Each side of this covered foil 
was covered with this Pd foil, and the on-site laminating was carried out over 2 hours at 
700 degrees C to the bottom of the argon of lOOpsig (780kPa). 

[0046] The average hydrogen flow rate which penetrates this five-layer bipolar membrane 
was measured by the same approach also in the example 1, This initial hydrogen flow rate 
was 3 / m2, and hr 11.3m. After making it work for about four days, the flow rate decreased 
to 3 / m2, and hr by 0.6m, and showed 5% of the initial flow rate. This result shows that the 
film in which a stable hydrogen flow rate is not shown is obtained by using NiO as an 
interlayer. It actually turns out that larger stability than the film (see the example 4) as 
this which does not have this middle NiO layer about the hydrogen flow rate with this 
same compound metal membrane is not shown. 

[0047] There is no intention that the vocabulary and the expression which have been 
adopted on the above-mentioned specifications are not what used here for explanation and 
was used for limitation, and eliminate the equal object of the description indicated and 
illustrated by using such vocabulary and an expression or its part, and the range of this 
invention is specified and limited by only the claim. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

iDr awing l] It is the sectional view of an example of the compound metal membrane for 
hydrogen separation of this invention. 

[Drawing 2l It is the decomposition sectional view showing an example of an approach 
which manufactures the compound metal membrane for hydrogen separation of this 
invention. 

[Description of Notations] 

10 Compound Metal Membrane of Five Layers 

11 Base Metal Layer 

12 Microporosity Interlayer 
12' microporosity interlayer 

13 Covering Metal Layer 
13' covering metal layer 

14 Graphite Gasket 
14' graphite gasket 



15/16 



Japanese Publication number : 07-185277 A 

15 Stainless Steel Press Plate 
15' stainless steel press plate 
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Ai3J:r/^:ty(^1--^Tom<b^i5iWte'fb^ ; "r^m 
itm^ iiif'r ^ itm : xA-^y-^Aij iuf-f ^ >j -^a 

<o*-fb^ ; -^^^ y ^ Y ; y r Y ; is ifV^ •^'^ 
[0 0 1 4l tfj^^JlO. 1 -3 0 0 ^i^'ovojy^t 

[0 0 1 51 El 1 1 1 . 2g<o|g?LK4' 

ra® 1 2i5J: Wf 1 2' a[&tflc2^<75ftlg#JK« 1 3i3J: 
tfl3' «:filx.4 5e«-&&JR|gl 0<0»®<?9«rg^-ro 
50 ttiBIJi^Jicrfea^JSe*, -€-*t-Pix2e 1 2i5J:i;f 1 
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2' Mmzi 3^XX/1 3' ■T'g^-r**, -en-PfLO^^— 

So 

[0 0 161 *i&^w«[-g-^iiig(^)sijt{i (Dj^v^iae 

^•To 0 2 1 iZTju-rm^^mm^^mLx 

BfSm-CS^L, BI4'm:#-f-l±raD1»fig;gB:^S:g^-t-o 0 
2t;^^77rY }-:ff:^^y h i 4iJJ:cri 4' Miri,z:x, 
■r>ux:^^-)V:f\y:^Ui SiJiif i 5' :^-ro 

ii^^kz^~:^^m±izmmmmtf^timimmim 

mi-^^tKi:y)^-x^^iz^tm6^izwLm-ri><OT!)m 

m^S. mx.(iS i C U (t;tJi«:a<b!K*K<OM« 
fii:Si (OMe) 4 ) . WC U ^L<l±MoC U 

fl. :^\£->irttztmmizX*)yimL. ^v^TUptK^ 
^UTK'ft!»S4r?g^1--So lfcv>»±f ;tA 1 2 O3 S« 
Ifffi^^b t « T ^V- 5 ^ A it^m t tz »±S»«) »CK 

'fb-t-s.i t n J: t3?f^sg;-f-i.ci t7i*-ei-2>o ^Ji^'fb^cTj 

^Si-fLJf J: v>„ ^vMii7t^-;^^Jg^, mt^^(D 30 
ttflg^K. -PHx-trwc U, MoCls^L<tiVCl 

[0 0 171 

Hi&^i 

MS i o^mi ^ h\iz=.-y fl^m-^^wx^x 

^rS 5BN i /S i O2 /V/S i O2 /N i m^±m 

v^ m'^miz^t^m^m^i^Xfz. 

[0 0 181 «-g-^JSKS:Sig-r*lcdb7ti?. s i c 1 
4 ?r:^^b^f^^>^cS»L^lM?gFj8[^c^ia■c-'^•■:^s^■> 

Af-f x^^r^t^-rsctJCj: >), S i O2 aEg^^yC:^ 50 



#ra¥7- 1 8 5 2 7 7 
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i^'^Ar^ ::'^i'<ommi,zm.m^m^-^fzo 

J&^**^f|-t-AJctj£or. s i c 1* »±:*:$Ctti<07K*<o 

fffiTT'ft.^ tCiD*5-» $ft, 25//-C**S 

i O2 ^-f ;i/A:i*?gfi£L;^>:o S i O2 M k /^-t 'J t 

<r>m\z§i^tj:mm-b^m.m^ixtzo -k^z, m 2 \zm-i-x 0 

S i O2 XWBtLfz^<i-'J'^J*7''{y^i^t=.y^}\^ 
lit «-7 0 0'C-e2 0 0 0 0'i^> K (9. 0 7 2 kg) 

(OKtjTxinmmmLxm^mim^Lfz. zi^x^j 
izLxmm.^itfz^^mi±-Bim^x^^. ^m^^^tz^ 

[0 0 191 U'kmimi>w^:i^mmmi. i o o p s 

i g ( 7 8 0 k P a ) (O^m 9 9. 9 9 9 %07lc*:**;^ 
tt*&5ft5rfflv»T, 7 0 OttCiSV^TSO^gL/Co (SiS* 

*»±^H)E-e*o7to ) lt^<r>fzit>i,z^ m~ff:)m^<o- 
y ^ ;w|S S- ra— coip $ <^>/<-^ i>' ■> A T' X i^iL\zi^^ s 
i.02 S^fflv^-&i t:&<it:^ag-f ;e> - ttrj: »j jgjg 

5feLfco 5 of^m^{f^(oiomwLSiz^-ti>w^yi:mm 

[0 0 2 01 
I^ll 



m 














96 


5 -if 


0.9 


0.6 


67 


3-» 


0.15 


0.006 


4 



[0 0 2 11 z<D5mm^mizmLx. 

mmmtiO. 9m3/m^ • ^F^T-^>ofc) o ^-^K^ 

Mi>:^m&i&mm(r>mmmti^^<7)^t^e^i,zm^^m<o 

S i O2 /V/S i O2 /N i JK<0^ -;")-;WfeSI**^'* 
10 0 2 21 C:o||Jfeiai**^i-J:^ fc, i O2 € 

<06 7%f:«^L/j) Sr^L, C:ai±S i O2 "frae:** 

[0 0 2 3] mmm 2 

7SN i /C u/S i O2 /V/S i O2 /C u/N i 

Ox S$;6*l 5 2 //-^^^bS>'^•:^>^■^7A•f•V>^.^rS.^_x 
^«^t LTfflv^;to ff$^*3 1 fiX$>i. 2«N i /C 

uls (6 M<on itst2 5 /jcocumtimm-r'^zt 
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(^2 5fi,) S i O2 mi'PKmt LX 
fflv>. M«a(^iiHC 1 «:#tr> ^'y-A'HS i (OM 

•e) ^ immLtiiumw.iy<i-i^''t^-i^r^ 

m:«p-ti.^tl,zx*)^ :i(D^mmimmLfzo S i O2 

mi tmmm^Lxm^v. cufflsrs 1 02 jsu® 

[0 0 2 4] ^(oxdizLxm&^ivfzm^m'tm^w- 

/ci6tc, ra— OJ?$«Z)N i /C ulSSrra— OiP$<D>'?-^ 10 
v'i;AT''f xi'JiH^ftS i O2 g^fflv>;2>i fc^: <ii: 
^aS-f -& - t J: ») JSiS U /c*>fM<^ 5 SK^ii^ 
7K«»KSSrl^-*ft^TT*S83tLf>:o 7 2^r^»f^mo^ 
*=S:JilT0^2 IC^-fo 

(0 0 2 51 

1^21 





as & 

<*ISII) 


% s 

(72ll#ISr») 


96 


7 -If 


2,4 


2.4 


100 


5-rS 


0,6 


0.06 


10 



20 



[0 0 2 6] m^-i^^J:Xd\Z^ C u tV t<omiZS i O 
2 ^'KS?rW1-'S. TS^'&Kli. fprnos i O2 
L T v» 5r v» 5 Ji«-BgK J: SE v^iKS^ J: i/^5e =5f 

[0 0 2 7] ItJS^ 3 

ssN i /mitv/y/mtv/n i «-&^jsm*jsit 

>f;^^'S:30psig (234kPa) <0H2 S 7 0 
orx-l O^WdiSi-^itlcJ: i<^94'KS*^^*:^ 

N i ® fc 7 0 0 "C-e 2 0 0 0 0 '-KV K ( 9 0 7 2 k 
g) (OKtiTXAnm^mLtzo 

[0 0 2 8] C:<0«^KS:ii^¥ife)**5SaSr||*fet^l 40 

v-i^ A^ ^fflv>^ i fc ^ < it^a^i- -& i t i I) ^ig 

I^WSf^^OM*SrJaTO«3 tcS^-fo 
[0 0 2 9] 
[S3] 



4tia¥7-l 8 5 2 7 7 

10 





ft & 




% 


5-B 


0.062 


0.046 


74 


3 -M 


0. 14 


0. 004 


3 



[0 0 3 0] mhi}-ts:i.^\z^ ^'^b^^'■?-v■^i.■f p^g* 

^.SSN i/V/N 1 OISJ: »):feiv»7|t|gi!iE 

»?r^Lf^o (-'^mMtl^J0 5ii«'&K?ra-2>mfif±. 
m^^*:^->*'>A4^Wg<^7lc«S®tt7!i*S i O2 "Jfi: 
v>/>:i6. HMt^lll <)ig:*^oy::o ) 

[0 0 3 1] ll%^4 

5^P d/S i O2 /V/S i O2 /P d^-g-^JSM* 
J: -9 tcLT^aSLfCo KSS c mi5 iO^ff ? 3 0 a< 
m<^>>'N'-?-v'>AT'>f ;?.^'?:'^-X^«t LTffiv^ ipS 
2 5 A'm<0/'«9i^'>A?S=SrSS!feei: Urfflv>;to Si 
O2 'TJSe^tf'raSi: LTfflv^;to S i O2 a^±^ Pd 
nW.<o 2 oolts 5 c m^m^<D^ix^ix(r> 1 Mt:;> i 
-TP do*ffi±tcM^»<7)HCi ^-^tf^ 5'y-;K7)»m 

^ix-^ixoy-p dimMi}^^±\z^W^ixi>iXS I (OM 
e) 4 imT-ri>^h\zi.y)iim'^^tz;^%ii^'5i-ta^ 
KISICJ:&S i (OMe) ^ oiPTft^^lw J: 13 
2 5 ^m) S i O2 g=^r^§3to S i O2 ttSP d?S(0 2 
<:><r>^m)^^ S i O2 a<^T<7)/<-^->''> Af-f X^'COM 

ilcESL, Sat«@^4't::l OOpsig (780kP 
a) OzS-XftiJ&S^rfflv^T? 0 Or-eiBtSLTaS^Sr 

»^Co «'&ll*a>&¥J^;4c«5i£a^^ii^i }iWi-<o^ 
#TlCl2lJ6^Sil!l5eL. *D2^P^^tC2 5. 3 / 

*)7iimiznLx-^\^^mmiti^-rz^^^i^'y^immv 
tz^^x^&o 5 oi^ra«7>gfeftm-c$x., ig4-a*ssfi 

»±2 5. 3m^/m2 • hr-C-^lC^^$ ix/^o -1 aj± 
K:i*a«!)<0^*<D 1 0 0%i^Wti>^tim-ri><OX 

[0 0 3 2] itWL<r>tzit>\,z. zmiiWMi. m-W-^<o 
v-^A^^rl^— Jp^<^/^*■:f-y■> A?Slc^;SS i O2 

WSBK4:ii<5,2p:^;jc*gtSSr|B|-^^^Tl-i8!lSL7to ^ 

«o 3 mnfm.^mi>^M\±tam<^m. 1 9 m= /m^ • hr 

Sm^iOO. 9 1m^/m2 • hri T-lf^lc^^!'- 4" 

-i-i>^him\.tzo ttzmhif-^xoK^ sm^^Wkit 
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[0 0 3 3] 
I«4l 





a 5 




% 


5-m 


25.3 


25.3 


100 


3-m 


19 


0.91 


5 



[0 0 3 4] nmM 5 

S i O2 So^5v»SJi14S-^i-;t*tc, 3JiP d/S i 
OTPS 2 5;/m<0/N-9v'i^AfS5:, Hife^ 4 ici3tt-i> J: 

Si 02<ommi^-rz>i-m±iz^mLi:zo 

A±tcEgLT. S i O2 SSr v-i^ A?S 

[0 0 3 5] Hjfe^e 

IC, 3^P d/WOa /P d^-g-^JSK^rSSii^Lfco /•« 

ito i£S5 c m^XlfW"^ 2 5//m<^-''?9->^'>A?S?:ffl 

iiXX^^l%(OS i (OMe) 4 ^^ttm.^^'P<OWC 
Is *fijt«[Srl®lcM*i-^C:ttcJ:i3, WO3 <0S 

mKX^xy^7'j'yj^9Sff)im±i:nmLt:o s i (o 

Me) 4 (i, S i O2 lcin**»$fi^^lC. ^-^^pjt 
LT(±^ct,v^-CW03 0-gJ^;g^:SK*^fiSti-^o WC 

«rW03 v'>A±tciE«LTW03 a«r2o(7> 

7 ■> A « (7) K tcs:Ht ? ;t o ^v»-e c: <7) r -t > r <; 

[0 0 3 6] *ifei^7 

tc, HMt^siJiy^e ti^aioswp d/MoOs /p 

^ClttciO, M0O3 <^>^SIC J: oT^'-f-? v^'J'AlSo 
IffiJiSrlSSLfwo MoC 1 s »±:*:^*^<7???ftTt3^ 

om—^^<o/^^'j'^ z^ts^mu 0O3 wsL^^^'j 

■^AJitCBBgLT, M0O3 ®«r2o<^/<7-:^'>Ait®^ 



(7) #S2p 7- 1 8 5 2 7 7 
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t::fia5eL7tfe*. 6 7m^/m2 • hr**«^$tt7to 

[0 0 3 7] umm 8 

5e<^N i/MoOa /CU/M0O3 /N i<^^^^ 

«m=Sr^ ^<??J: ^ IcLTSiSLTto Itg 5 c miJ J: tf^ 
? 2 5 0 5 ^'n>-(;offlSgT'-<;^^'^^-X^jli: LTffi 

10 UTffifflLfeo M0O3 oaESS-«fMJii: UT«6fflL. 

KHi'fh Xn^Z^ itSS c m<^--7'5^;P?S<0 2 

o<7)tr-;^(^^^o-:^r<?5SM±icJta$;-^/co MoO 

3 i^m.Ltz—y^)V^(o:Lnh2':>(0\£~:^i^ Mo 
O3 <ofl|**^»(?3 2o<;?MtcRgf-r4J:-5lcSBaL;to 

Sja-t*¥1^7K^sSfi«:, 0. 3 7 m' /m= • h r T 

20 TT-^H (J??2 5 O^i^'nv. itgs cm) ta^ciE 

[0 0 3 81 %mm 9 

5^P d/Y2 O3 /V/Yz O3 /P d^^ifcJR]^ 
«r. ^feO^JKS-«ffiLTSSjgL;to $ 2 5 // mO-'^f- 

30 >>A >f VT'o.-ii^v KY [O (i-CsHe ) ) 3 «r 

T, Y2 03 (oum^k^ :i(r>/^i-V'^A^<o'mm\zvm. 

^^tzo ^<OY to (i -C3 He) 3 3 ffiWSlK 

A?S=f:P dtCioT^SU. lOOpsig (7 8 0 k 
40 Pa) <0T}\^=r>TX'7 0 0X:X'2mmi,Zi:>fz^xm^ 

[0 0 3 9] Tfc^sSfiS-. i0 5^«-^m»-aLTl 3 

c^nrxm^Ltzm^iz l e m' /m^ • h r T-* 

^ff>mi. -s-osiiasiEaroi 0 0%4-aijf LTv» 

rv^^rv^P d/VKJ: S ;tN i O Sr^^-f^. 5^ P 
d/N i 0/V/N i 0/P dK (TU<Oitm^im 

50 1 0 0 4 0 1 Hifet^J 1 0 



13 

5«P d/A 1 2O3 /V/A 1 2 O3 /P d^-ft- 

ifeJSK^r<*:WJ; -5 IwUTStitL/io 9 c mis J: 

t LXmmL. — :^JP$ 2 5 5 D>o>'N-7v^'i'A?SS: 

- (Z i rear) -/n ■;/t±7j^fj(:0 fAPA- 
3J ) i'PmmtLrmmLtzo 9cmi3J;Uf 
USD. 0 3 cm<0C<0T;W5f-«r-'^-^--:/^AT'-f 10 
<OMfflJt;iSBL/wc ^v^-e. itSS. 8 c mO>'N'7>^'> 

^«m?r. t*;igJ-t;Kptcffl.*ii*, ^v»-ei 0 0 p s i 
g (7 8 0 kPa) <or)U=f>:ff7.mi^E^tti^mLr 

5 0 0'C-ea:*agLito 

[0 0 4 1] ::<^«-&KSrSii§-t2.¥i^7[c«5ita*, 1 
OOpsig (780kPa) ff)m.m 9 9. 9 5 %<D:^ 
SS:#';^#*&««r^efflLr 5 0 0 "C-Cffl^t L>io S®U;t 
**(i^Hff:^-efeo/>:o ^a»!<07K*5£»t± 1 1. 2m 
^ /m== -hr-e^oTto 1 5 0 ONFS«®$^ir;tf* 20 
7lc*5iES»il 1. Im^ /m* • h rlZ^ro/co C: 

tcj:oTSitL;t3JSP d/V/P dUmMi^^-n 

Si§-r^c![*(±, ^(O^rnit-^^^ 5. Sm^/m^ • 
hr;6-t,, 1 4 0 B#Ffl«i!if^O 1 . 7 m^ /m== -hr 

t^^<7>iDm^M<o3 2%<o^iUWt;i,:ibz t^m-L 30 

5iE»l±. 5g«-&K<05iEfi<^l/2 J: t) «)4'^^:;*>o7to 

[0 0 4 2] Hifef^ 1 1 
#-7LK<7)7K*Si§tt4'F^»**-1-S!giJ0 5)im'g-l8 (P 
d— 5 R u/A 1 2 O3 /V/A 1 2 O3 /P d— 5 R 

tzo tztzL. 0 ^^nxom^aXVO. 0 2 

-f ^'f •7^'ttJJ^t>C5 rr^T^'f (An o d i s c) 40 
4 7J ) *-'3T;i'5-?-e=S:?^«L, -:^Jf[$ 2 5 5 >>'n 
V<OPd — 5Ru?S?rfe§#«t (P d — 

SRuJi. $fj5%ORu*^*-t-&P d'&^T**-?.) o 

«i«5g^-^K«:iSji-r-&¥:^7K*5iE»*, nm^i 0 

»±9. Sm^/m^ -hr-C^oTto 4 0 0^F^«®5 
■^/c^tC. *»5S»I±9. 7m^ /m^ • h rtc^rl), 

10 0 4 31 mm9s 1 2 

mmmi i ttiJiracsss-g-niif^iSLfco ^/fu. so 
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T^l'^-^-gfiHife^l 0tci5»t-i.mi:rai::*tiR-*^t><^'{> 

0- ^*0^0 -<0lll«-Sai-a¥:^*5&«t4Sr, 6 0 0 
"Cfrfflv^Ttflfcli^Mt^l OlC;fett4 t|^t:J^ifet?«!3eL 
/zo ^<^?SD«!**5iil:J±l 5. Sm^ /m^' • h rt?*> 

^fzo mso onmmwi^^fzmz. ^<r>7i(.mmM:n^j: 

^15. 5m^ /m= • h rT*l), ^1a)«DaLfi*»f><D 
10 0 4 4] HSfeCT 1 3 

:ror;w5 -^-lifi:, 5 0~8 o%o^?L^t, 2. 9 c 

m^DttSt^ ^0. 0 3 c m<7>jp? t tr^i-f 'Sr/U^'i- 
i'n;:?. ■ :furi>^y^±i>-h<D Talk-i 

5j ) i-hmmLfzo ^(omimmiri.w-ni^mmm: 

mmmi 2tc^tt*i:rat:/^ft-CS!l5eL^o i<0?D 
W**iiitS»± 1 8 . 5m= /m^ • h r Tabo 3to 2 

0 ot^mmm^-^fzm^^ **si»i± 17. sm^ /m 
10 0 4 5] jtrnm 

5^P d/N i 0/V/N i 0/P dlS-g-^JSK^T. ^ 
(OJioiZLXMitLfZo 5 Mm<D^^-r'J^2^mi 

■^-x^St LT^fflL. — :^::ixi:iBli:JP?«DP d?S 
iWSt^mtLXmmLfZo Ni (OH) 2 «ria*tt 

(pH=i2) (D^mi&'pKmm^^tzmmm^h. 

1- i^':;J*ff)mm±liZ^ Ni (OH) 2 OS^?riftlt$* 
;to C:<0/N'-?-v"i7A^/N i (OH) 2 mMi4 5 0*0 

SrClOP d?StcJ:cTSllLs lOOpsig (780 
kPa) OT;i/3'>TtC7 0 Ot;-C2Nfraiwi3/wlja« 

[0 0 4 6] ^<7)5^«'g-M*ajii-^¥:K,7lc«^fi 

**JRfiJ±, 11. 3m=/m^ • h r -e^Ofto *?7 4 
BW^ffll^-iirfcmic, m»J±> 0. 6m»/m^ - hr 

LTN i oi^m-t&^bizx^x. ^^^j:7i^mm 

»Sr55§=Jfcv>|g;6«|#c,*LSi t «rg^fo H^l", i<0« 
-g-^JSJffili. **SE»trgaLTJ±. ^Otf^r^N i Og* 
*LTv-^:v>iafcrai:il (Ilife«ai4 4-#M) J:"9*>:fc 

1 v^^^tt $ ^: v> c: t ib^^if-:ho 

[0 0 4 7] ±a<^?giBB»t?»ffl UT ^ tzmm^ J: tT* 

5r<x ^^m<ommi±. ^wmntff)mw<o^izx-oxm. 

[llMOffi#^:Si^] 

[0 1 ] :f^^m<r>ji^m»mmu^^mm<o-M<r>mmm 



(9) 
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[021 ^?tm<o:^m»mmm.^±mmi:mm-ti>:^m 

1 1 ^-:^^!Sm 

1 2 m.nK'p^m 
1 2' mun^Nim 



if*ra¥ 7-185277 
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1 3 M^mm 

1 3' «tS^J||Ji 

14 i>^9yT-(hif:^-yy}- 

14' ^^7 7 T -i" h h 

1 5 :^-r>u:^:^^-)u-:fu:z.i^ 

1 5' ;^x>l^^>^f— 



[mi] 



im2] 



12- 
12'- 



>«3 



.10 



.,■ ^. y y 



^11 



^lar 




